Process addictions in 2012: food, internet and gambling
The concept of addiction originated in the field of substance abuse, which includes alcohol, tobacco, cocaine, marijuana and other drugs that can cause changes in the brain and behavior of the user [1] [2] [3] [4] [5] . Researchers have been working in this area for many years [1] [2] [3] [4] [5] and have demonstrated that substances of abuse 'hijack' the brain to produce a stereotypical addictive state [6] .
In recent decades, researchers have noticed that the concepts they evolved to explain how substance abuse works could be applied to other forms of repeated dysfunctional behaviors, even when these did not involve ingesting any 'addictive' substances. As a result, research has also been extended to the exploration of other potentially addictive processes. An increasing number of studies have begun to focus on behavioral processes such as gambling, sex, excessive internet use or internet addiction disorders (IADs) and food addiction, as well as a variety of other behaviors (shopping, work and exercise) [7] [8] [9] [10] [11] . Such behavior is termed a 'process' addiction because it is a type of behavior (a process) that the person is involved with, rather than the substance itself.
Behavioral and substance addictions have many similarities in natural history, phenomenology and adverse consequences [12] . They are both characterized by a drive for and pathological attachment to those activities and drugs [6] . The addicts lose control over their behavior, lie about their behaviors, and more and more time is spent with intrusive thoughts about drugs, cravings and perseverance in obtaining the drugs [6] . Addicts continue their habits despite of loss of health, family and/or their job, or until a serious accident or fatal overdose occurs [6] . In the last few decades, much research has focused on the role of the brain reward system in the development of substance abuse and dependence. Specific components (e.g., the nucleus accumbens [N AC ], the ventral tegmental area and the neuro transmitter dopamine [DA]) have been highlighted as key contributors to the addiction process. The brain dopaminergic system has been shown to play an important role in signaling reward and establishing stimulus associations [13] . Food addiction, drug intake, gambling and sexual behavior increase DA release in the striatum and DA receptor antagonists prevent these behaviors [4, 7, 8, 10] . Given that behavioral criteria are utilized to diagnose substance use disorders, it makes intuitive sense to translate the criteria to other problematic behaviors. More recently, research has examined the extent to which other behaviors (e.g., eating, sexual behavior and gambling) are also regulated through this reward circuitry.
Indeed, each of the diagnostic criteria for substance use disorders can be adapted to fit these behaviors. Thus, this opens the door for researchers to study food addiction, hypersexuality, pathological gambling and IAD as addictive processes [6] . In the present paper, we provide a summary of the literature on process (behavior) addictions and a discussion of food addiction, as well as pathological gambling and IAD.
Food addiction
Understanding the processes associated with obesity is a matter of international urgency. Recent findings have indicated that obesity may be a disorder related to addiction [14] [15] [16] . Thus, novel and more effective treatments can be utilized to SummaRy Traditional addiction studies have focused specifically on the use of chemical substances, while more recent studies have begun to focus on behavioral processes. Process addiction is an addiction to a natural and in many cases essential behavior such as eating and sex. Acquired continued and compulsive overeating is one process addiction similar to other activities or behaviors, such as excessive video gaming, pathological gambling, hypersexuality or excessive internet use where the addict shows loss of control, an inability to stop or modify the activity, and a range of signs and symptoms that can be as debilitating as those associated with substance abuse or addiction. Individuals with process addiction would meet criteria for addiction if their substance of abuse was considered a drug. They present characteristics like other addicts, have a chronic and relapsing course and often the addiction leaves them with loss of health, happiness and a difficulty treating the disease. Gambling has been the least contentious process addiction and will appear in the Diagnostic and Statistical Manual of Mental Disorders. Food and sex have been the most difficult for the field to consider as addictions. However, food may have the clearest, long-standing scientific research behind it. In this review, we provide a summary of the literature on process (behavior) addictions and a discussion of food addiction, as well as pathological gambling and internet addiction disorder.
treat obesity as a form of addiction [17, 18] . In general, food addiction is associated with substancerelated disorders [19] as well as eating disorders, although there is no clear definition for such a condition. It has been suggested that diagnostic criteria for eating and feeding disorders should be included in the proposed 5th revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V) [101] . The most common definition for food addiction states that it is a chronic condition and is caused by cravings that lead to feeling 'high' when ingesting specific foods [20] .
A genetic disorder known as Prader-Willi syndrome is hallmarked by hyperphagia and weight gain early in childhood. Patients with Prader-Willi syndrome have a compulsive tendency to overeat and ingest nonfood substances obsessively [21] . It has been chosen as the genetic model for obesity and has been correlated with food addiction and other addictions as well [22] . One study found that aberrant reward pathways in the brain are involved with metabolism-regulating regions [23] .
Researchers have developed an animal model for food (sugar) addiction in rats that closely resembles that seen with drug addiction [24, 25] . Hoebel and colleagues reported that sugar has addictive properties similar to psychostimulants and opioids [26] . Specific rat models were used to study sugar binges, which have been closely related to results from other addiction studies involving addictive substances such as sugar and fats [27, 28] . Most interestingly, these studies conclude that sugar-addicted rats followed similar behavior patterns as those found in human addicts [29] [30] [31] .
Most importantly, specifying endocrinological pathways for food addiction is crucial to understanding why people overeat, although there are similarities between food and substance addictions [32] . It has been shown that food and addictive substances share DA pathways in the brain of most living organisms [33, 34] . Motivation is regulated by DA along with the reward system and reinforcement [20, 35] . This pathway is mostly found in the ventral tegmental area and N AC [36] . The latter region is known to regulate motivation, satiety, salience and food seeking [37] . Volkow et al. provided the first evidence that dopamine in the dorsal striatum is involved in food motivation in humans and demonstrated the ability of methylphenidate to amplify weak dopamine signals [38] . Obese individuals were known to have increased metabolism in the somatosensory cortex [39] , meaning that this was where DA was regulated [40] . Specifically, DA D2 receptors play a major role in the regions associated with the reward pathways in the brain [41] . Stice et al. conducted a study that compared obese and lean individuals in response to receiving a chocolate milkshake versus a tasteless solution. The results indicated that obese relative to lean humans had fewer DA D2 receptors in the striatum [42] . In addition, many peripheral metabolic signals, such as insulin, leptin and ghrelin, directly or indirectly interact with midbrain DA pathways [43, 44] . Leptin has been shown to decrease reward behavior and increase appetite via the striatum in those that had a leptin deficiency [45] ; this hormone regulates ingestion of food by brain pathways involving DA. In one study, when subjects were given ghrelin they responded positively to visual food cues [46] . Another study found that in those who were insulin resistant, there was a greater need for more insulin to achieve the same rewarding effects of food [47] .
Different regions of the brain are activated by consummatory food reward rather than by anticipated food reward; there are also differences in obese versus lean individuals [48] . In a satiation to chocolate study, significant gender differences were also found [49] . From this evidence, food addiction and reward mechanisms are interconnected, especially with craving potential [50] . Obesity is known as a reward-deficent condition [51] because DA D2 receptors are found in lower numbers in the obese population [52] . Those with the highest risk of obesity have more activation in somatosensory areas and less activation in the striatum [48] .
The food environment has changed dramatically in the USA in the past three decades [53] , with larger and less healthy portions of food being served in many food establishments [54] . Logos, cartoons and trademarks associated with hyperpalatable foods become potent stimuli, automatically eliciting mental and physical approach responses [14] . Indeed, highly recognizable food trademarks can trigger brain changes similar to those triggered by drugs or drug paraphernalia when shown to a patient with a substance use disorder [55] . Certain brain networks are responsible for cue-induced eating and appetite induction. A specific food-associated environment to induce eating in healthy humans can shed light on why individuals become addicted to food, overeat and befall obesity. The predominant Review Zhang, Tian, von Deneen, Liu & Gold regions that have been associated with the drive to eat in both animal and human studies are the hypothalamus, striatum, orbitofrontal cortex, insula, anterior cingulate cortex and amygdala [56] ; brain regions consisting of the basolateral amygdala, lateral hypothalamus and medial prefrontal cortex act as a network to regulate eating by learned, motivational cues [57, 58] . [59] . It is difficult to calculate the total social costs of gambling, however, Grinols estimated that as much as US$54 billion is associated with gambling along with increased crime, lost work time, bankruptcies and financial hardships faced by the families of gambling addicts [60] .
Pathological gambling
When gambling behavior becomes compulsive, it is defined as pathological gambling; the behavior starts to interfere with relationships and negatively affects social activities and work performance [61] . Although pathological gambling is classified as an impulse control disorder in the DSM-IV, it is often regarded as a behavioral or nondrug addiction because of its genetic, endophenotypic and phenotypic resemblances to substance dependence [61] . These similarities provide a rationale to change the classification of pathological gambling as an impulse control disorder (DSM-IV) to a new classification as a behavioral addiction in the proposed DSM-V. Given the similarities between substance dependence and gambling, researchers made assumptions and used paradigms similar to those used in substance-use disorder studies. Four important cognitive-emotional processes that are relevant to pathological gambling have been identified [61] .
The first of these is reward and punishment processing and its relation to behavioral conditioning. The studies reviewed indicated that pathological gamblers showed decreased blood oxygenation level-dependent responses to nonspecific reward and punishment stimuli in the ventral striatum and ventral medial prefrontal cortex [62] . The next process involves higher salience leading to gambling cravings [63] [64] [65] , but another study showed decreased brain activation despite the compulsive nature of their craving paradigms [66] . The third is impulsivity, which has been implicated as a vulnerability trait for acquiring pathological gambling and as a consequence of a gambling problem. Using fMRI to examine brain function during performance of the Stroop task, Potenza et al. found that pathological gamblers shared many neural correlates with healthy subjects, but differed in a brain region previously implicated in impulse control disorders [67] . Pathological gamblers showed lower activation in the left middle and superior frontal gyri during processing of incongruent versus congruent stimuli. The fourth process is impaired decision-making that often takes place when pathological gamblers continue gambling in the face of severe negative consequences. One particular study showed that gamblers made riskier decisions, which were regulated by the anterior cingulated cortex [68] . Another similar study resulted in lower superior frontal cortex activity in gamblers when they were given the Iowa Gambling Task [69] . However, more research is needed to elucidate which neurocognitive similarities and differences exist between substance abuse disorders and pathological gambling, and studies directly comparing these disorders to each other and to normal control groups are needed.
iAD
The cause of internet addiction is not known and there are currently no consistent criteria for what comprises it. Several criteria have described the disorder as characterized by a compulsiveimpulsive spectrum involving excessive use of or preoccupation with the internet, significant social and/or occupational failures related to internet use, and continued excessive use of the internet despite negative consequences [70, 71] .
Several studies regarding IAD have been carried out across the world [72] [73] [74] [75] [76] . Ko and colleagues identified the neural substances of online gaming addiction via evaluation of the brain areas (anterior cingulated cortex, medial prefrontal cortex, right N AC , orbitofrontal cortex, right dorsolateral prefrontal cortex and right caudate nucleus) associated with the cue-induced gaming urge [73] . As a result, they concluded that visual cues in drug abuse and internet cravings shared neuro biological pathways [73] . Dong et al. investigated response inhibition in people with IAD and their results showed that these addicts had to try harder to finish the inhibition task [74] . IAD subjects had gray matter density deficits in various brain regions [75] and resting state disruption [76] . Yuan et al. provided evidence indicating that IAD subjects have multiple structural changes in the brain [77] . The gray matter atrophy and white matter fractional anisotropy changes of some brain regions were significantly correlated with the duration of IAD. This evidence does not fully support the concept of IAD, but proved a similarity between IAD and substance disorder in many ways. We propose that IAD should be viewed from the perspective of its similarities with substance abuse especially in the areas of brain reward and inhibitory systems. Much work is needed to be done in the future to provide more evidence to support the concept of internet addiction.
Conclusion & future perspective
Growing evidence indicates that behavioral or process addictions resemble substance addiction across many domains and supports the argument for process behaviors to be conceptualized as addictive. Accumulating evidence has shown that there are a number of shared neural and hormonal pathways, as well as distinct differences in these pathways, that may help researchers discover why certain individuals continue to overeat, despite health risks and other consequences, and become more and more obese. Vulnerability and genetic studies are lacking. However, functional neuroimaging studies revealed that pleasant smelling, looking and tasting food has reinforcing characteristics similar to drugs of abuse. Many of the brain changes reported for hedonic eating and obesity are also seen in various types of addictions with respect to motivation and incentive craving. Animal models of overeating, sugar and fructose corn syrup self administration and other studies have helped redefine the 'globesity' epidemic as a brain disease, like an addiction in many ways. This hypothesis has the additional benefit of making new treatment developments possible. Rather than targeting appetite, treatments may limit free access to brain reinforcement systems or alter food preferences. Pathological gambling, the most thoroughly studied of the behavioral addictions in man, provides further insight into the relationship of behavioral addiction and substance-use disorder.
People who develop problems with internet use may start off using the internet on a casual basis and then progress to using the technology in dysfunctional ways with excessive use. IAD is thought to stimulate the brain reward system in a manner similar to that seen in substance abuse and patho logical gambling. In general, subjects with process addiction are characterized by loss of control over their behavior, continue the behavior despite serious negative consequences and spend a great deal of time engaging in the behavior. More research is needed to elucidate which neurocognitive similarities and differences exist between process addiction and substance abuse. It is clear that substantial future research is also needed to understand process addiction in the context of other addictions and to improve efforts for prevention and treatment. This article looks at the evidence for food addiction gathered from different perspectives, including animal studies, endocrinology studies, genetic studies, studies on the mesolimbic reward system, and food cues, and how fMRI plays an important role in documenting these findings.
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